We measure the effects of retro-reflector on the OAM beams quality. The experimental setup is shown in Fig. S1a . An OAM beam at 1550 nm is generated by launching a collimated Gaussian beam with a beam waist of 2.2 mm onto a spatial light modulator (SLM) loaded with a specific pattern. The generated OAM beam is then reflected by a retro-reflector with a diameter of 2 inches.
Measurements of OAM beam quality reflected from the retro-reflector:
We measure the effects of retro-reflector on the OAM beams quality. The experimental setup is shown in Fig. S1a . An OAM beam at 1550 nm is generated by launching a collimated Gaussian beam with a beam waist of 2.2 mm onto a spatial light modulator (SLM) loaded with a specific pattern. The generated OAM beam is then reflected by a retro-reflector with a diameter of 2 inches.
We measure the OAM power spectrum of the transmitted OAM beam (shown in Fig. S1b ) and the reflected OAM beam (shown in Fig. S1c ) when the transmitted OAM beam is launched onto different positions of the retro-reflector (shown in Fig. S1d ). We observe that the OAM order of the reflected beam is the negative of that of the incoming beam, but its OAM power spectrum 2 shows similar power coupled into the desired mode as well as crosstalk to the neighbouring modes.
Specifications of the UAV and the gimbal:
The retro-reflector is mounted on a gimbal and carried by an octocopter UAV. The gimbal targets the retro-reflector to the ground platform using GPS information with an accuracy of ~2-m, i.e., ~12° at a distance of 10 m, and 1.2° at a distance of 100 m. The angular range of the incoming beam that our retro-reflector could reflect is between ~±15° referring to its axis. Therefore this targeting accuracy would satisfy the requirements of our tracking system. The gross weight of the retro-reflector is 4 kg, which is within the maximum payload of the gimbal (5.5 kg). The gross weight of the gimbal is 1.5 kg, thus a total weight of 5.5 kg is carried by the UAV, which is also within its maximum payload of 9 kg.
Method for optical signal generation and coherent detection
The schematic diagram of the optical modules is shown in Fig. S2 . 
